Existing research on neighborhood environment and gestational weight gain (GWG) focuses on point-in-time measures of neighborhood context. This precludes understanding how long-term exposure to adverse neighborhood environments influences GWG. We estimated associations between average exposure to and trajectories of long-term neighborhood socioeconomic deprivation and risk of inadequate or excessive GWG. Using data from 5690 full-term, singleton pregnancies in the 1979 National Longitudinal Survey of Youth, we estimated associations between cumulative deprivation and GWG, overall and by race/ethnicity, controlling for individual and residential covariates. A one standard deviation unit (8-point) increase in neighborhood deprivation increased risk of inadequate GWG (Relative Risk (RR): 1.08; 95% Confidence Interval (CI): 1.00-1.16) for all women and excessive GWG (RR: 1.11; 95% CI 1.02-1.21) for white women. Persistent low deprivation (RR: 0.78; 95% CI: 0.64-0.94) and upward mobility (RR: 0.76; 95% CI: 0.61-0.96), compared to persistent high deprivation, reduced risk of inadequate GWG. Persistent low deprivation also reduced risk of excessive GWG (RR: 0.84; 95% CI: 0.71-0.98). Long-term neighborhood deprivation contributes to patterns of GWG over women's life course.
Introduction
Weight gained during pregnancy is linked to poor health outcomes in both women and their children (Rasmussen and Yaktine, 2009; Margerison-Zilko et al., 2010) . Both low and high gestational weight gain (GWG) increase risk of adverse outcomes including low birth weight, preterm birth, maternal postpartum weight retention, and obesity in mother and child (Rasmussen and Yaktine, 2009; Margerison-Zilko et al., 2010; Deputy et al., 2015) . Guidelines developed by the Institute of Medicine (IOM) to help women avoid adverse outcomes have proven difficult to achieve (Rasmussen and Yaktine, 2009 ). Excessive GWG is more prevalent (41-51%) than adequate GWG (23-34%), and inadequate GWG impacts a substantial minority of women (17-28%) (Deputy et al., 2015) . Interventions based on individual-level risk factors for inadequate and excessive GWG have achieved only moderate success (Headen et al., 2012) . Considering the wider context surrounding pregnant women may bolster the success of such interventions (Headen et al., 2012) .
Literature consistently links neighborhood context to adverse birth outcomes, such as low birth weight and preterm birth, (Ncube et al., 2016 ) but few studies have investigated GWG. These studies suggest positive associations between neighborhood factors, such as neighborhood socioeconomic deprivation, (Mendez et al., 2013) social spaces, and neighborhood physical incivilities, (Laraia et al., 2007; VinikoorImler et al., 2011; Messer et al., 2012) and GWG. However, these findings rely on point-in-time neighborhood measures, which do not reflect risk accumulation. Neighborhood environments are theorized to impact health through both material deprivation pathways, which deprive women of immediate health resources needed for well-being, and bio-behavioral stress pathways, which dysregulate key biological systems over prolonged periods of wear and tear (Culhane and Elo, 2005) . Longitudinal assessments of neighborhood environments are needed to improve insight into how neighborhoods influence GWG.
Histories of discrimination and social stratification in the US disproportionately expose racial/ethnic minorities to chronically disadvantaged neighborhoods compared to their white counterparts (Williams and Collins, 2001; Firebaugh and Acciai, 2016; Osypuk et al., 2009) . A well-established body of literature has shown that black and Latino neighborhoods have higher poverty over time, despite trends in declining racial/ethnic inequality in poverty over time, and are still more likely to be geographically segregated from white neighborhoods (Williams and Collins, 2001; Firebaugh and Acciai, 2016; Osypuk et al., 2009) . Furthermore, across these disadvantaged neighborhoods, experiences of socioeconomic disadvantage vary by race/ethnicity (Williams and Collins, 2001) . Black neighborhoods are more likely to be characterized by long-term economic disinvestment resulting in a lack of health promoting resources, goods, and services (Firebaugh and Acciai, 2016; Osypuk et al., 2009) . Paired with the consistent trends in racial residential segregation, these patterns give rise to pockets of concentrated poverty (Williams and Collins, 2001; Firebaugh and Acciai, 2016; Osypuk et al., 2009; Wodtke, 2013) .
While Latino populations similarly reside in socioeconomically disadvantaged neighborhoods and experience similar levels of racial residential segregation, (Osypuk et al., 2009; Onésimo Sandoval and Jennings, 2012) these neighborhoods are often not characterized by same level of economic disinvestment due to the presence of culturally tailored resources (Onésimo Sandoval and Jennings, 2012; Ramey, 2013) . Ethnic enclaves, which often coincide with disadvantaged Latino neighborhoods, also provide social networks and support that buffer negative impacts of these neighborhoods, (Onésimo Sandoval and Jennings, 2012; Ramey, 2013; Do et al., 2017) although the extent of this buffering has been shown to vary by immigrant status and ethnic origin (Do et al., 2017) . Taken together, evidence suggests that extended residence in black compared to Latino disadvantaged neighborhoods can have different implications for health, resulting in racial/ ethnic differences in associations between chronic neighborhood deprivation and GWG.
To build on existing work, we use data from a national cohort of women to examine associations between cumulative neighborhood deprivation and GWG, and determine whether they vary by race/ethnicity. We hypothesize that higher cumulative neighborhood deprivation will increase risk of inadequate and excessive GWG, associations will be stronger among all racial/ethnic minorities, but associations for Black women will be stronger than those for Latina women. Completion of this study can aid in the development of structural interventions to improve weight gain outcomes maternal and child health over the life course.
Methods and materials

Subjects
We used data from the 1979 National Longitudinal Survey of Youth (NLSY79). Details on the NLSY79 can be found elsewhere (Bureau of Labor Statistics, 1979) . Briefly, the NLSY79 is a nationally-representative cohort of 12686 men and women recruited at age 14-21 and followed longitudinally from 1979 to 2012. Blacks, Hispanic/Latino/Spanish (referred to as Latino/a going forward), and economically disadvantaged whites were oversampled. Participants were interviewed annually from 1979 to 1994 and biennially from 1994 to 2012 (Bureau of Labor Statistics, 1979) .
Starting in 1986, women were asked about pregnancies occurring between interviews, and information about pregnancies occurring before 1986 was retrospectively collected (Bureau of Labor Statistics, 1979) . We restricted our sample to singleton, full term gestations ranging from 37 to 42 weeks, with non-missing information on both exposure and outcome. We restricted our sample to full-term births in order to appropriately apply the IOM GWG guidelines (Rasmussen and Yaktine, 2009 (Tatian, 2014) were standardized to year 2010 for consistency. We measured neighborhood deprivation using socioeconomic data from the 1980, 1990, and 2000 US census as well as the 2006-2010 American Community Survey (5-year estimates). We used geometric interpolation (Tatian, 2014) to predict data for inter-censal years. We constructed a deprivation index for each census tract for each year based on an eight-item index (% adults in management/professional occupations, % unemployed, % crowded households, % families in poverty, % female headed households with dependents, % households on public assistance, % families earning < $30,000, % adults < high school) developed by Messer et al. (2006a) . We used factor analysis to reduce items into a weighted index score after confirming that all items loaded onto one factor (eigenvalue range: 4.19-5.29). We then transformed this index to range from 0 to 100, with higher values indicating more deprivation. Deprivation index scores were linked to NLSY79 data using women's census tract at time of interview. We created two measures of cumulative neighborhood deprivation. First, in order to measure overall accumulation of deprivation, we averaged neighborhood deprivation index scores from 1979 to the closest interview year prior to giving birth for women with at least two index scores over follow-up. This resulted in an up to 2-year lag between measurement of neighborhood deprivation index score and time of birth. Second, in order to measure patterns of deprivation accumulation over time, we created mobility trajectories. Six long-term trajectories were selected "a priori" based on existing literature: persistent low deprivation, persistent moderate deprivation, persistent high deprivation, upward mobility, downward mobility, and mixed-mobility deprivation. We included the persistent low deprivation, persistent high deprivation, upward mobility, and downward mobility trajectories based on prior research linking these trajectories to adverse birth outcomes (Collins et al., 2009 (Collins et al., , 2008 (Collins et al., , 2011 (Collins et al., , 2015 . We additionally included a persistent moderate deprivation trajectory to capture women's lifetime experience of "middle class" status. To create long-term trajectories, we categorized each annual measure of continuous neighborhood deprivation into tertiles and classified women based on amount of time spent in each deprivation category over follow-up. Threshold values for tertiles over time varied based on neighborhood deprivation distribution for each year (Supplementary Table 1 ). Women were categorized as persistently low deprivation, moderate deprivation, or high deprivation if they stayed in the lowest, middle, or highest tertile of deprivation, respectively, for at least 90% of follow-up. We chose this threshold based on the assumption that brief deviations from a specific deprivation level were not qualitatively different than continuous residence within that deprivation level. Next, women were classified into the upward mobility trajectory if they continuously moved into less deprived neighborhoods over time. This includes women who, at least once over follow-up, moved to a neighborhood categorized in a lower deprivation tertile than the deprivation tertile of the previous year and then continued to reside in neighborhoods within the same or lower deprivation tertile. Similarly, for downward mobility, women were classified into this trajectory if they moved to a neighborhood within a higher deprivation tertile at least once over follow-up and then continued to reside in neighborhoods within the same or higher deprivation tertile for the duration of follow-up. All remaining women were classified within the mixed-mobility group.
Outcome
We calculated GWG as the difference between women's self-reported weight prior to pregnancy and their weight immediately before delivery for each pregnancy. Because length of recall differed for pregnancies occurring before and after 1986, we assessed reliability of prepregnancy weight by comparing it to women's non-pregnant weight at the closest interview prior to pregnancy. Reliability was high across all years and similar for pregnancies occurring before (r = 0.86) and after (r = 0. ) women recommended to gain 12.5-18 kg, 11.5-16 kg, 7-11.5 kg, 5-9 kg, respectively. Women gaining over this amount were classified as excessive gainers and under this amount were classified as inadequate gainers. Height was self-reported in 1981, 1982, 1985, 2006, and 2008; we used the measurement closest to pregnancy to calculate prepregnancy BMI. Height measures were regression-calibrated using National Health and Nutrition Examination Study III data to account for self-reporting bias (Burkhauser and Cawley, 2008) . Weight measures were not regression-calibrated due to lack of appropriate calibration standards for pregnancy-related weight (Headen et al., 2017) . Because GWG is dependent on duration of gestation and IOM definitions of GWG adequacies are intended for term births, we restricted our analysis to full term pregnancies.
We conducted a sensitivity analysis using 1990 IOM GWG recommendations (Institute of Medicine, 1990) since births in our sample occurred before the 2009 IOM recommendations. Findings were similar, so we only report results using 2009 IOM GWG recommendations.
Covariates
We included a number of covariates considered to be potential confounders based on previous literature (Rasmussen and Yaktine, 2009; Webb et al., 2008; Hickey, 2000) . These covariates included race/ethnicity, foreign-born, marital status, maternal age, parity, child's birth year, education, home ownership, employment, and equivalized income . We additionally controlled for covariates related to geographical location, residential selection, and mobility (Clarke et al., 2013) . These covariates were measured as region of residence, rural residence at time of birth, moving in birth year, length of residence, and number of moves. All covariates except for race/ethnicity and foreign-born status were measured at the interview period prior to the index pregnancy. Categorization of all variables can be found in Table 1 .
Statistical analysis
Survey weighted means, standard deviations, and frequencies were calculated for analytic variables. Bivariable associations between covariates by both outcome and exposure were assessed using Chi squared tests or ANOVAs. Regression models were fit to estimate crude and adjusted associations between cumulative neighborhood deprivation and inadequate (compared to adequate) GWG, and excessive (compared to adequate) GWG. Inadequate and excessive GWG outcomes were modeled separately in order to support the estimation of relative risks (RR), using generalized linear models with log link functions, rather than odds ratios (OR), which would be estimated from multinomial logistic regression models. Because our outcomes are common (inadequate GWG: 23%; excessive GWG: 43%), the OR does not approximate the RR. Cumulative deprivation was transformed to increase by standard deviation units (SD = 8.0). Continuous covariates were median-centered. Survey weights were used to account for the sampling design and reweighted the population to be representative of the national population of women in 1979. Clustering by census tract was small (< 2 women per tract), so we only used robust standard errors to account for multiple pregnancies for participants. We assessed effect measure modification of associations between cumulative neighborhood deprivation and GWG by race/ethnicity using interaction terms based on the cross-product between cumulative neighborhood deprivation and race/ethnicity. We used Wald tests to assess overall significance of effect measure modification using a p ≤ 0.10 threshold.
Race/ethnicity stratified models were presented instead of main association models if effect measure modification was significant.
The prevalence of missing data for covariates ranged from 0% to 31% (Supplementary Table 2 ). To address potential bias, we used regression-based multiple imputation using chained equations. Across 10 data sets, covariate values were imputed using regression models that included all covariates, exposure and outcome measures to predict missing values. Multiple imputation techniques were then used to analyze data across the 10 imputed data sets (StataCorp, 2013) . All analyses were conducted in Stata 12.0 (College Station, TX).
Results
In our weighted sample, mean age at time of birth was 27.3 years (SD = 4.9), 80.0% of women were white, 13.2% were Black, 5.7% were Latina, and 68.4% were married (Table 1) . Mean cumulative neighborhood deprivation was 18.0 (SD = 8.0). Forty three percent gained excessively and 23% gained inadequately. Most covariates varied across GWG adequacy categories, excluding foreign-born, region of residence, and maternal age (Table 1) . Adequate gainers were more likely to be white (83.0%), married (80.0%), college graduates (27.5%), homeowners (51.0%) and high income (40.3%).
Cumulative neighborhood deprivation varied across most covariates (Table 2) . Women who gained inadequately (19.4; SD = 8.9) or excessively (18.1; SD = 7.9) had higher mean cumulative deprivation scores. Black (28.7; SD = 13.4) and Latina (26.3; SD = 14.4) women had significantly higher cumulative deprivation scores compared to white women (15.6; SD = 4.7). Trajectories of neighborhood deprivation varied across covariates as well (Table 2) . White women were more likely to persistently reside in low deprivation (96.3%) or moderate deprivation (84.6%) neighborhoods. Among those persistently residing in high deprivation neighborhoods, women were more likely to be Black (58.0%) or Latina (21.7%). Women experiencing either upward or downward neighborhood mobility were more likely to be white (75.6% and 82.8%, respectively, compared to 13.9%/10.7% and 8.9%/ 5.8% for Black and Latina women).
Average cumulative neighborhood deprivation
A one-standard deviation unit increase (i.e. 8 point) in average cumulative neighborhood deprivation was associated with an 8% (95% Confidence Interval (CI) 1.00, 1.16) increase in risk of inadequate GWG compared to adequate GWG after adjusting for covariates, with no evidence of effect measure modification by race/ethnicity (Wald p = 0.21). (Table 3 ) Average cumulative neighborhood deprivation was also associated with excessive GWG, increasing risk by about 6% (95% CI 1.00, 1.12) after adjusting for covariates. This association was modified by race/ethnicity (Wald p = 0.08), and higher cumulative neighborhood deprivation was only associated with increased excessive GWG for white women (RR: 1.11; 95% CI 1.02, 1.21).
Long-term mobility trajectories
Adjusted associations between individual trajectory types and inadequate GWG found that persistent low deprivation (RR 0.78; 95% CI 0.64, 0.94) and upward mobility (RR 0.76; 95% CI 0.61, 0.96) were associated with decreased risk of inadequate GWG (Table 4) compared to persistent high deprivation. For excessive GWG, only persistent low deprivation decreased the adjusted risk of excessive GWG (RR 0.84; 95% CI: 0.71, 0.98). Associations for long-term mobility trajectories and both inadequate (Wald p = 0.15) and excessive GWG (Wald p = 0.19) did not vary by race/ethnicity.
Discussion
We investigated associations between long-term neighborhood a The "white" ethnicity group is referred to as such because this group is majority white (88%). However, this group does included all other non-Black, non-Latino women in our sample, such as those classified as Indian and Native American, other, and Asian.
Table 2
Survey weighted mean cumulative neighborhood deprivation by study covariates and variation across mobility trajectories for analytic sample, 1979 National Longitudinal Survey of Youth (1979 Youth ( -2012 .
Average cumulative deprivation
Mobility trajectory (continued on next page) deprivation and GWG adequacy in a national cohort of women over their reproductive life course and determined whether these associations varied across racial/ethnic groups. We found that higher average cumulative deprivation was associated with increased risk of inadequate GWG and that this association did not vary by race/ethnicity. However, for excessive GWG, only white women had higher risk of excessive GWG associated with higher cumulative deprivation. These findings extend previous work relying on point-in-time measures to assess neighborhood environment and emphasize the importance of considering long-term neighborhood environment going forward. To our knowledge, this is the first study to investigate associations between cumulative neighborhood deprivation and GWG. An existing body of literature has investigated associations between cumulative neighborhood environment and birth outcomes, and our findings are consistent with this literature. Studies reported that long-term neighborhood deprivation increased the risk of both low birth weight (Collins et al., 2009 (Collins et al., , 2008 Kramer et al., 2013) and preterm birth (Collins et al., 2011 (Collins et al., , 2015 . An existing body of literature has also examined neighborhood environments and GWG using point-in-time neighborhood measures. Using a deprivation index similar to ours, Mendez and colleagues found that neighborhood socioeconomic deprivation at the time of delivery is associated with inadequate GWG and weight loss during pregnancy (Mendez et al., 2013) . Additionally, studies investigating specific neighborhood attributes, such as physical incivilities (i.e. litter, graffiti, vacant spaces) and social spaces (i.e. parks, sidewalks, presence of people), have found that fewer social spaces and more physical disorder are associated with inadequate GWG (Laraia et al., 2007; Vinikoor-Imler et al., 2011; Messer et al., 2012) . Our results are consistent with this literature.
Associations between cumulative neighborhood deprivation and inadequate GWG may be driven by stress-based mechanisms. Psychosocial stress is associated with lower GWG, (Zhu et al., 2013) and interpersonal violence during pregnancy, as a specific violence-based stressor, increases risk of inadequate GWG (Alhusen et al., 2015) . The "white" ethnicity group is referred to as such because this group is majority white (88%). However, this group does included all other non-Black, non-Latino women in our sample, such as those classified as Indian and Native American, other, and Asian. b Models adjusted for rural/urban, kid's birth year, marital status, employment, education, race/ethnicity, equivalized income, mother's age at birth, parity, region, immigrant status, home ownership, moving in the birth year, cumulative times moved over follow up, length of residence in current census tract. c Overall tests for significant interaction between race/ethnicity and gestational weight gain were conducted using Wald tests; interaction was considered significant if p < 0.10. d Race stratified models are presented due to the detection of significant interaction by race/ethnicity of the cumulative neighborhood deprivation and excessive GWG relationship. The "white" ethnicity group is referred to as such because this group is majority white (88%). However, this group does included all other non-Black, non-Latino women in our sample, such as those classified as Indian and Native American, other, and Asian.
However, not all forms of violence have been linked to inadequate GWG. Community violence has been associated with an increased risk of excessive GWG (Galin et al., 2016) . Nonetheless, studies on community crime have found associations with low birth weight (Masi et al., 2007) and preterm birth, (Messer et al., 2006a (Messer et al., , 2006b ) all of which are associated with inadequate GWG. Thus, while stress, including violence-based stress, may underlie associations between cumulative neighborhood deprivation and inadequate GWG, more work is needed to clarify these findings. Long-term exposure to socioeconomically deprived neighborhoods places women at disproportionately higher risk of experiencing both interpersonal and community violence due to the presence of social disorder within these neighborhoods (Culhane and Elo, 2005) . Social norms in deprived neighborhoods could also contribute to associations between cumulative neighborhood deprivation and inadequate GWG (Kramer et al., 2000) . In particular, higher prevalence of smoking and drug use (Kramer et al., 2000) may increase women's likelihood of engaging in these behaviors when they become pregnant, especially if exposure to these norms is prolonged. In contrast to our findings for inadequate weight gain, we found that cumulative neighborhood deprivation only increases risk of excessive GWG for white women. Previous studies using point-in-time neighborhood measures have reported inconsistent associations between neighborhood environment and excessive GWG (Laraia et al., 2007; Vinikoor-Imler et al., 2011; Messer et al., 2012) . One study conducted in the Pregnancy, Infection, and Nutrition (PIN) cohort in North Carolina found that fewer neighborhood social spaces increased risk of excessive GWG (Laraia et al., 2007) . However, this finding was not supported by two other studies conducted in a birth record cohort from the same geographic location. This work documented that neighborhood physical disorder was associated with increased risk of excessive GWG, but only in white women (Vinikoor-Imler et al., 2011; Messer et al., 2012) . Their findings are consistent with ours, but further work is needed to understand why associations between neighborhood characteristics and excessive GWG vary by race/ethnicity.
One potential explanation for racial/ethnic differences in associations between neighborhood environment and excessive GWG may lie in racial/ethnic differences in neighborhood composition. Due to social processes that lead to race-based spatial stratification of residential environments in the US, neighborhoods that Black and Latina women move through over time differ from their white counterparts (Friedman et al., 2014) . For example, the wealthier neighborhoods that Black women live in may still lack key resources and health facilitators that are present in white neighborhoods of equivalent economic status (Friedman et al., 2014) . Alternatively, for Latina women, lower income neighborhoods may be ethnic enclaves bolstered by more culturally tailored services, resources, and social support than white or Black neighborhoods of similar socioeconomic status (Eschbach et al., 2004; Viruell-Fuentes et al. 2013) . In both cases, many factors influencing access to residential environments, such as race-based discrimination and institutionalized racism, (Williams and Collins, 2001 ) impact racial/ethnic minorities across the socioeconomic spectrum, (Williams and Collins, 2001 ) thus, reducing the benefit of upward mobility to less deprived neighborhoods.
To our knowledge, our study is also the first to investigate neighborhood deprivation trajectories and GWG. Other studies, however, have investigated neighborhood deprivation trajectories and birth outcomes (Collins et al., 2011 (Collins et al., , 2015 . A set of studies conducted in a trans-generationally linked birth cohort in Chicago found that lifetime (stable) deprivation increases risk of low birth weight, and that mobility trajectories (i.e. upward mobility and downward mobility) increase risk of preterm birth (Collins et al., 2011 (Collins et al., , 2015 . We found that persistent low deprivation, as opposed to high deprivation, protected women from excessive and inadequate GWG, and that upward mobility was associated with decreased risk of inadequate GWG across all racial/ethnic groups.
Interestingly, we did not find that persistent residence in moderate deprivation neighborhoods protected women from either inadequate or excessive GWG. This suggests that rather than a gradient of association existing as women move up the socioeconomic ladder, a more substantial level of socioeconomic gain is related to improvements in healthy GWG. The particular benefits of neighborhood affluence, which represents concentrated wealth and resources above and beyond the individual level, have been highlighted in literature looking at other health outcomes (Clarke et al., 2013) . Studies have found that neighborhood affluence is associated with lower systolic blood pressure, higher self-rated health, and higher cognitive function in children (Clarke et al., 2013) . More work is needed to understand how specific dimensions of affluent neighborhood environments, such as concentration of resources or presence of strong social cohesion and psychological support, (Clarke et al., 2013) can be integrated into structural interventions to improve neighborhood environments across the socioeconomic gradient.
This study had several limitations. First, we could not rule out the impact of self-selection into neighborhood environments (Mujahid and Diez Roux, 2010) . If unmeasured neighborhood selection factors are also linked to GWG, then unmeasured confounding could bias observed associations. While we have controlled for an extensive set of maternal socioeconomic and demographic characteristics identified as key predictors of neighborhood selection, (Clarke et al., 2013; Mujahid and Diez Roux, 2010) we were not able to control for selection factors at the neighborhood level, such as built environment and transit Table 4 Associations between long-term mobility trajectories and Gestational Weight Gain (GWG), 1979 National Longitudinal Survey of Youth (1979 Youth ( -2012 characteristics (Badland et al., 2012) . Thus, our estimates may be biased to the extent that these factors are also related to GWG. Second, we used census tracts to approximate neighborhood boundaries, which may bias our associations if smaller or larger scales of geography are more relevant for this outcome (Mujahid and Diez Roux (2010) . However, a study that assessed neighborhood deprivation at various spatial levels, including census block and tract, found that differences in size of geography did not bias associations between neighborhood deprivation and pregnancy related outcomes, including maternal weight gain (Messer et al., 2012) . Third, we used an administrative index of general socioeconomic deprivation. While this is a relevant proxy for adverse social and economic exposures that cluster within poor neighborhoods, (Mujahid and Diez Roux, 2010) it does not allow investigation of specific neighborhood characteristics in relation to GWG. For example, determining the relative contributions of depleted service environments versus chronic violence exposure would strengthen our understanding of mechanisms underlying cumulative neighborhood deprivation and GWG. Future studies should prioritize this avenue of investigation.
Finally, our study relied on self-reported data to ascertain our outcome, GWG. Reporting bias in self-reported GWG can moderately misclassify women, and tends to overestimate the prevalence of excessive GWG. However, this misclassification does not substantially bias associations between GWG and birth outcomes (Headen et al., 2017) . More work is needed to ascertain bias when GWG is the outcome, so we cannot rule out the impact of such reporting error on our findings. However, the development of appropriate bias correction techniques for self-reported pregnancy-related weight measures (Headen et al., 2017) can aid in addressing this limitation going forward.
These limitations are balanced by a number of strengths. This is one of the first studies to use a national sample of women with a 30-year follow-up, providing multiple repeated observations of women's residential location. Existing studies investigating cumulative deprivation and pregnancy outcomes have relied on access to birth records to create these measures, (Collins et al., 2008; Kramer et al., 2013) which limits information on neighborhood environments to that which is available at the time that births are recorded. Prior studies also were limited to specific geographic locations (Chicago, IL (Collins et al., 2008) or Atlanta, GA (Kramer et al., 2013) ). Our sample is racially/ethnically diverse. We are among the first to examine associations of cumulative neighborhood deprivation and GWG among Latina women, although future work should continue to explore ethnic sub-groups within this population. Finally, we were able to control for a wide range of socioeconomic indicators over time. Socioeconomic status is a multidimensional construct that includes multiple domains (Kramer et al., 2000) . Exclusion of any of these domains may result in incomplete measurement of socioeconomic status, and residual confounding in associations of interest. This is particularly of concern in neighborhood studies as the resulting bias from excluded individual SES measures may be picked up in the neighborhood-level point estimate of interest (Mujahid and Diez Roux, 2010) .
Conclusion
Our findings have important implications for understanding how the impact of neighborhood environment varies across individual characteristics and life stages, which can inform the development of better interventions. In particular, during the critical period of pregnancy, chronic neighborhood deprivation more consistently contributes to gaining too little rather than too much weight. Furthermore, our findings illustrate the important contribution of trajectories of lifetime deprivation. Thus, going forward, continued inclusion of women's chronic exposure to neighborhood factors is needed to better comprehend the neighborhood context shaping weight gain during pregnancy. Understanding the dynamic roles of neighborhood deprivation across extended time frames will be key to creating successful interventions to improve GWG and the health trajectories of mothers and children.
